Abstract. Empty fruit bunch (EFB) is a potential chemical feedstock particularly cellulose and lignin. However, the complete extraction of lignocellulosic structure in EFB is complex and difficult to achieve. Steam explosion is a pre-treatment process which has the ability to loosen the polymeric bond between the EFB structures. In this paper, the effect of steam explosion process towards the lignin removal was investigated. The raw EFB and exploded EFB were further extracted through the alkaline-hydrolysis process to obtain the yield of the insoluble lignin. In addition, the samples were also characterized using Fourier-transform infrared spectroscopy (FTIR) and Differential thermogravimetric (DTG) analysis. The yield obtained showed that the amount of lignin was reducing after the steam explosion process. Similar data were also recorded from the FTIR and DTG analyses. This work concludes that other than reducing the polymeric strength of the EFB's lignocellulosic structure, the steam explosion also helps the delignification process.
Introduction
Palm oil industries generate a vast amount of solid waste residues mainly empty fruit bunch (EFB). Typically, EFB accounts 20 wt% of the fresh fruit weight and it is one of the most abundant oil palm biomass residues after the oil extraction at the oil palm industries [1, 2] . EFB fibers, in nature, are oily, bulky of brown bunch treated as waste residues at palm oil mills after the removal of sterilized fruit by a rotary drum thresher [3] . Similar to other plant-based materials, EFB fibers are also the source of lignocellulosic biomass, which composed of cellulose, hemicelluloses, and lignin. It is reported by Jonoobi et.al [4] that EFB comprises approximately 45 % cellulose, 33 % hemicellulose and 21 % lignin. Several approaches have been applied to extract cellulose, hemicellulose, and lignin from the lignocellulosic structure, such as chemical [5] , physical [6] and biological [7] methods. These components are widely used as intermediate products for higher-end products such as sugar [5] , filler, and adhesive [8] .
Lignin is the third most abundant organic compound in the lignocellulosic structure. Lignin has very different and unique characteristics compared to cellulose and hemicellulose. Most of the lignin components are made up of basic phenylpropyl radicals, a non-carbohydrate molecule. This is due to the function of lignin which protects the polysaccharides cell walls from microbial degradation [9] . In addition, lignin bonds with highly branched polymeric structures will further stabilizes the lignocellulosic structure. Therefore, lignin can be detected in between cellulose and hemicellulose and acts as a binder, which strengthens the properties of the plant [8] . Lignin, as a chemicals compound, has the potential for various applications, for example, pharmaceutical [10] , polymer [11] and construction industries [12] . Although the deformation technique of cellulose, hemicellulose, and lignin can be similar, the degradation conditions are different. Specifically, the temperature range depends on the structures and the polymeric chains of each substance.
Steam explosion is a pretreatment technique that employs both physical and chemical processes as high-pressure steam is used as a medium to loosen the plant fibers structures, while instant depressurization able to destroy the fibrils structure of the biomass [13] . The main product of the steam explosion process is normally in solid formed; known as exploded fiber and also dark to brownish liquid by-products. Steam explosion is an environmentally friendly process and requires low operating cost as no chemicals and electricity required. This process is normally used as a pretreatment process in the cellulose or pulp manufacturing processes [14] .
In this work, the effect of steam explosion process towards lignin content removal in the EFB is investigated by comparing the lignin content in the exploded and non-exploded EFB fibers. An alkaline-hydrolysis extraction was carried out to remove the insoluble lignin for yield measurement. In addition, thermogravimetric and FTIR analyses were done to validate the presence of lignin in the exploded and non-exploded EFB fibers.
Materials & Methods
Materials. The raw empty fruit bunch (EFB) was collected from LCSB Lepar Oil Palm Mill, Gambang, Pahang, Malaysia. Chemicals used in this experiment were sodium hydroxide (99%) and sulphuric acid (95%) which were supplied by Merck. Raw material preparation. EFB are washed and dried for 24 hours at 105 °C. After that, the dried EFB (raw EFB) is cut into pieces around 0.4-1.0 mm. The raw EFB was undergo steam explosion process at pressure 20 bar for 10 minutes. The EFB fibers resulted from this process called steam exploded EFB fibers. Lignin content determination. The lignin content was determined through alkaline-hydrolysis extraction process. The extraction process starts with the sodium hydroxide solution (10 wt% NaOH) was added to the sample (exploded EFB and raw EFB) until 15% consistency of mixture was achieved. For 1 hour, the mixture was heated at the temperature of 60-80 °C to separate the chemical soluble component from the exploded fibers. After that, the exploded fiber was filtered to separate with the alkaline soluble substances. The alkaline soluble substances of the EFB lignin is acidified by using 20 wt% sulphuric acid until the mixture achieved pH 2. Then, the precipitate was filtered and washed using water for neutralization. The precipitate was filtered again and dried in an oven for 24 hours with the temperature of 55 °C. Lastly, the dry lignin was weighted. Similar process for repeated for the raw EFB. The yield of lignin is calculated using the Eq. 1. The content of the insoluble lignin in the raw EFB is 21.58 wt %, which is higher than the exploded EFB (5.38 wt%). Lower content of lignin in exploded EFB indicates that the steam explosion process has the ability to remove some part of lignin from the EFB lignocellulosic structure. As thermal and physical processes involved, some part of lignin particularly soluble lignin being removed from the fiber structure and dissolved in the liquid by-products [13] . The results obtained proved the hypothesis that steam explosion process has the ability to aid the removal of lignin structure. Fig. 1 shows the effects of steam explosion process towards the chemical bonding of the EFB fibers. The spectroscopy from the FTIR analysis was used to investigate the functional groups' differences of the exploded and raw EFB products. Generally, the trend in Fig. 1 illustrated that the vibrations of the functional group shifted towards lower intensity from the raw EFB to the exploded EFB. The trends recorded in Fig. 1 illustrated the decrement in intensity at peak ~3500 cm-1 attributed to O-H groups reduced in the exploded sample. The loss of O-H group shows two possibilities which are that water molecules within the solids are gradually removed or the removal of phenolic compound in the lignin structure. In this work, steam explosion process loosens the strength of the lignocellulosic compound, which indicate that the reduction of the intensity due to the removal of lignin compounds.
Chemical bonding analysis.
A similar trend was also recorded for the aliphatic CHn groups, detected at ~2900 cm-1, indicating that several long aliphatic chains in the raw samples are broken down. In the region below 2000 cm-1, more changes in intensity can be observed between the raw and exploded EFB. The chemical bonds detected under this wavelength are aromatic groups, methoxyl, and glycosidic groups.
The peak of carbonyl (C=O) stretching vibrations were detected between wavelength ~1700-1750 cm-1. In raw EFB, the vibrations are generally due to the carboxylic acids in hemicelluloses structure consist of xylan, xyloglucan, arabinoxylan and galactoglucomannan [15] . This peak gradually weakens and disappears for the exploded EFB, proving that cellulose structure is partially degraded at this range of condition. While the decrease in intensity for both aromatic skeletal vibrations (~1480 cm-1) and C-O-C aryl-alkyl ether linkages (~1250 cm-1) indicating the decomposition process of lignin structure [5] .
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Material Science Technology and Global Sustainability II Differential thermogravimetric (DTG) analysis. Lignocellulosic structure of biomass can be qualitatively identified from thermogravimetric analysis. According to Chen & Kuo [16] , weight losses observed in TG curves are found to be relevant to the composition of cellulose, hemicelluloses, and lignin fractions in lignocellulosic biomass. Cao et.al reported that the standard temperature decomposition of three major elements of lignocellulosic (hemicellulose, cellulose, and lignin) are in the range of 230-330 °C for hemicellulose, 260-400 °C for cellulose, and 300 -700 °C for lignin [17] . Fig. 2 shows the thermal decomposition trends of raw and exploded EFB. Similar trends were recorded for the samples from temperature 50 to 300 °C. This indicates that similar lignocellulosic components in the EFB polymeric structure recorded below than this temperature (< 300 °C). A major change in term of degradation trends occurred between temperatures 300 to 450 °C, particularly for raw EFB. While, for the exploded EFB only one major peak was recorded, which at a temperature between 250 -350 °C, after the moisture content removal. The differences in term of degradation trends show the removal of some parts of lignin components in the exploded EFB as smooth cellulose and hemicellulose decomposition trend was recorded. These trends justify the value of the insoluble lignin obtained in Table 1 , which the yield of exploded EFB is much lower than the raw EFB.
A comparison trend between the thermal degradation of lignin extracted from the exploded EFB was plotted in Fig. 3 . A broader area of decomposition for the In-soluble lignin can be observed which indicate the removal of cellulose and hemicellulose structure, compared to the exploded EFB. However, the decomposition of both samples starts to be constant at a temperature of 500 °C showing complete removal of the lignocellulosic compound. 
Conclusion
Steam explosion is an efficient pre-treatment process as it helps to loosen the lignocellulosic structure as well plays an important role in delignification process. From the result analysis, the low yield of insoluble lignin was obtained from the alkaline-hydrolysis extraction for the exploded EFB. The result also aligned with the FTIR and DTG data recorded.
